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In this paper, we propose a calculation method for iron loss in rotating machines; the method employs the finite element method considering eddy currents in electrical steel sheets. The influences of the skin effect and magnetic saturation of the electrical steel sheets on the iron loss characteristics are also investigated.
In the proposed method, the effect of the grains in the electrical steel sheets is estimated by modifying the eddy current loss with a coefficient determined from the experimental characteristics of the steel sheets. The hysteresis loss is also calculated by considering the skin effect.
First, the iron losses of several types of electrical steel sheets are calculated by the proposed method formulated as a 1-dimensional model. Fig. 1 shows the measured and calculated results. The measured results are obtained by using an Epstein frame. The results of the proposed method agree well with those of the experiment. On the other hand, the results that neglect the skin effect overestimate Next, the usefulness of the method is clarified by applying it to a permanent magnet synchronous motor and an induction motor. Fig. 2 shows the 3-dimensional finite element mesh, whose analyzed region is half of an electrical steel sheet. The calculated no-load iron losses agree well with the experimental losses. Fig. 3 shows the flux density waveform at the top of the rotor and the top of the stator teeth of the induction motor. It indicates that the slot ripples are concentrated at the surface of the electrical steel sheet due to the skin effect. The direct consideration of the eddy currents by the finite element method is indispensable for obtaining this result. In this paper, we propose a calculation method for iron loss in rotating machines; the method employs the finite element method considering eddy currents in electrical steel sheets. First, the electromagnetic field distribution and iron loss of several types of electrical steel sheets are calculated by the proposed method formulated by a 1-dimensional model. The results are compared with those of experiments and the conventional method in order to verify the validity of the proposed method. The influences of the skin effect and magnetic saturation of the electrical steel sheets on the iron loss characteristics are also investigated. Next, the proposed method formulated by a 3-dimentional model is applied to several types of rotating machines. It is clarified that the skin effect is remarkable in the case of high-frequency harmonic fields and that the direct consideration of the eddy currents by the finite element method is indispensable in such cases.
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